Abstract: Tributyrin is a butyrate glyceride, shown to have positive effects on broiler performance. This study investigated the differences in growth performance between Ross 308 and Ross 708 birds, and compared how each strain responds to tributyrin supplementation. Two-hundred-and-forty-day-old Ross 308 and 240-d-old Ross 708 chicks were divided and fed a basal diet, or diets supplemented with low or high levels of tributyrin for 35 d. Neither strain nor tributyrin supplementation had an effect on average daily gain or feed:gain (P > 0.05). All Ross 708 birds had significantly decreased relative abdominal fat weight at 3 and 5 wk of age compared with Ross 308 birds of the same treatment (P ≤ 0.05). Tributyrin supplementation only decreased relative abdominal fat weight compared with controls in Ross 708 birds at 5 wk of age (P ≤ 0.05). Ross 708 control birds had significantly higher breast muscle fat deposition than Ross 308 controls (P ≤ 0.05), and tributyrin lowered this deposition in both strains (P ≤ 0.05). Significant differences in hepatic expression of genes associated with lipid metabolism were observed between strains, and with tributyrin supplementation (P ≤ 0.05). These results support the modulation of lipid metabolism by tributyrin, and show different broiler strains responded uniquely to tributyrin supplementation.
Background
Around the world, a number of different broiler breeds are available and often tailored to specific goals of production. Each type of bird has been genetically developed to best satisfy the attributes for which they are intended. Modern broiler strains are selected for a number of characteristics including growth rate, meat quality, and bird health, although selection criteria have been adapted through the decades according to market demand. Over the past 50 yr, consumption of poultry meat has increased dramatically, which is expected to continue in the future, especially in developing countries (Petracci et al. 2013 ). This demand has increased pressure on breeders, nutritionists, and farmers alike to develop strains of birds with improved growth, feed efficiency, and meat yield. The Ross 308 is marketed as a versatile bird that has consistent performance in the broiler house. The Ross 708 is marketed as a high meat yielding bird with a superior feed conversion efficiency rate and maximized breeder performance. There is little information available on strain comparison, especially in terms of metabolic adaptation to various nutritional strategies.
Tributyrin is a triglyceride composed of butyric acid and glycerol. In the gastrointestinal tract, butyric acid is released from the glycerol via the action of lipase. Butyric acid is the main energy source for colonocytes, and acts as a histone deacetylase inhibitor, influencing the expression of various genes (Davie 2003; Hamer et al. 2008) . Previous studies have shown that the supplementation of butyric acid derivatives into the diets of broiler chickens have the potential to replace antibiotics while maintaining growth performance (Leeson et al. 2005) , decrease infection by Salmonella enteritidis (Fernandez-Rubio et al. 2009 ), and improve growth performance under stress (Zhang et al. 2011 ). In addition, previous work by our laboratory has shown that butyrate glycerides can have a significant effect on the jejunum lipid catabolism (Yin et al. 2016) .
Both the Ross 308 and Ross 708 strains are used regularly in the poultry industry worldwide, and while Ross provides an outline of their expected growth performance, there are few published studies comparing these strains. This lack of comparison begs the question as to whether they respond similarly to changes in production practices, and for the purpose of this study, to dietary changes. In our studies to investigate the potential of tributyrin as an alternative to in-feed antibiotics, we have observed different responses of male Ross 308 and Ross 708 broiler strains in growth performance and related characteristics to dietary treatment with tributyrin. The results are reported herein.
Materials and Methods

Animals and diets
Two hundred and forty Ross 708 and 240 Ross 308 1-d-old male broiler chicks were allocated within strain based on body weight into one of three treatments, with four replicates of 20 birds per pen, totalling 80 birds per treatment. The three treatments were control (antibiotic free-basal diet), low tributyrin (500 ppm) (W222305, Sigma-Aldrich, St. Louis, MO, USA), or high tributyrin (2000 ppm), where the tributyrin was pelleted with the basal diet. Birds were fed a starter diet from day 1 to day 15, a grower diet from day 15 to day 28, and a finisher diet from day 29 to day 35. The basal diets were formulated based on Subcommittee on Poultry Nutrition, Board on Agriculture, and National Research Council (1994) and are outlined in Table 1 . Birds were reared in floor pens with wood shavings, and allowed ad libitum access to feed and water. Birds were maintained at a brooding temperature of 32°C for 7 d after which the environmental temperature was gradually reduced to 22°C from day 7 to day 35. Photoperiod was 23 h for day 1 to day 3, 18 h for day 4 to day 17, and 20 h for day 18 to day 35. This follows standard brooding practice and standard operating procedures at the Arkell Poultry Research Station, University of Guelph, Guelph, ON, Canada. Chickens were weighed weekly, and feed intake was recorded at the same time. The experimental use of animals and procedures were approved by the University of Guelph's Animal Care Committee (AUP No. 3176) in accordance with the Canadian Council on Animal Care's guidelines.
Sample collection
On day 21 and day 35 for each treatment, two birds per pen (eight birds per treatment) were randomly selected for sample collection. After weighing, blood was collected from the brachial vein of each bird, kept on ice, and then centrifuged at 5000g for 15 min at 4°C. The serum was immediately transferred into a separate tube, and stored at −80°C until analysis. Following blood collection, birds were euthanized via cervical dislocation. The abdominal fat pad (from the proventriculus surrounding the gizzard down to the cloaca) was removed and weighed. Small and large intestines were removed, and the length of each recorded. Following sampling and emptying, the small intestine weight was recorded. At the 35 d sampling, the entire breast muscle (pectoralis major and supracoracoidus) was removed and weighed. Liver samples were taken at both time points. Collected tissue samples were treated and stored in two different manners: half-centimeter pieces were excised into RNAlater® (AM7020, Thermo Fisher Scientific, Waltham, MA, USA), and larger thumb-sized pieces were flash frozen. The tissues sampled in this manner were the liver, breast muscle, and abdominal fat.
Lipid extraction and composition analysis
Methods for lipid extraction and composition analysis were adapted from Kraft et al. (2008) . Muscle tissue was minced in a Waring commercial blender (700S, Waring Commercial, Torrington, CT, USA) then freeze-dried and stored at −80°C. Briefly, lipids were extracted from pulverized muscle samples (3 g) using dichloromethane: methanol (1:1, v/v; 650463 and 34860, Sigma-Aldrich, St. Louis, MO, USA). Solvent was then roto-evaporated to obtain the weight of total lipids in the sample. The fatty acid composition was analysed after resuspension in dichloromethane. A volume containing 20 mg of lipids was dried under nitrogen steam at room temperature, then dissolved in four drops of toluene and methylated under acidic conditions with 5% HCl in anhydrous methanol (w/v) for 1 h at 80°C. Abdominal fat was minced in a Waring commercial blender (700S, Waring Commercial, Torrington, CT, USA), and lipids were extracted from subsamples (1 g) using dichloromethane. A volume containing 20 mg was then processed identically to the muscle samples. The fatty acid methyl esters were analysed by gas chromatography (Model 6890N, Agilent Technologies, Palo Alto, CA, USA) using a CP-Sil 88 WCOT fused silica column (100 mm × 0.25 mm i.d. × 0.2 μm film thickness; Chrompack, Middleburg, the Netherlands). The column was operated at 45°C for 4 min, then temperature programmed at 13°C min −1 to 175°C, held for 27 min, programmed at 4°C min −1 to 215°C, and finally held for 35 min; total run time was 86 min, the sample injection volume was 1 μL, injection mode was splitless. Flame ionisation detection was used.
Blood serum analysis
Serum samples were analysed for glucose, cholesterol, and triglyceride levels. Serum glucose levels were measured using a Glucose Assay Kit (GAGO20, SigmaAldrich, St. Louis, MO, USA). Serum cholesterol levels were measured using Abnova's High Density Lipoprotein (HDL) and Low Density Lipoprotein (LDL)/ Very Low Density Lipoprotein (VLDL) Assay Kit (MAK045, Sigma-Aldrich, St. Louis, MO, USA). Serum triglyceride levels were measured using a Triglyceride Quantification Kit (ab65336, Abcam, Cambridge, UK). Manufacturer's instructions in each kit were followed for the analyses. All samples were run in triplicate.
RNA extraction, reverse transcription, and quantitative polymerase chain reaction (PCR)
The methods for RNA extraction, reverse transcription, and quantitative PCR assays were those described previously (Sarson et al. 2009 ). To extract RNA from the liver, sections of approximately 1 mm were cut from a 0.5 cm sample segment that had been stored in RNAlater® Stabilization Solution (AM7020, Thermo Fisher Scientific, Waltham, MA, USA) at −80°C. Total RNA was prepared using Trizol (15596-018, Thermo Fisher Scientific, Waltham, MA, USA) according to manufacturer's instruction. Briefly, tissues were homogenized in Trizol reagent using a PRO 200 homogenizer (PRO Scientific Inc., Oxford, CT, USA) and centrifuged to obtain the cleared supernatant. This supernatant was then extracted with chloroform, then isopropanol was added for RNA precipitation. The resulting RNA precipitate was pelleted by centrifugation, washed with ethanol and resuspended in RNase-free water. Total RNA was treated with DNase I (AMPD1, Sigma-Aldrich, St. Louis, MO, USA). First-strand complementary DNA was synthesized using the SuperScript® III First-Strand Synthesis System (18080-051, Thermo Fisher Scientific, Waltham, MA, USA) according to manufacturer's instruction. Quantitative PCR was performed using a AB 7500 Real Time PCR System (Applied Biosystems Inc., Foster City, CA, USA) with iTaq™ Universal SYBR® Green Supermix (1725121, Bio-Rad Laboratories, Hercules, CA, USA). Each reaction was performed in triplicate under the following conditions: denaturation at 95°C for 15 s, annealing at 60°C for 30 s, extension at 72°C for 30 s, a subsequent melting curve (55-95°C) with continuous fluorescent measurement, and final cooling to room temperature. Primers are outlined in Table 2 . Relative mRNA levels were determined using the comparative cycle threshold method, using glyceraldehyde 3-phosphate dehydrogenase as the internal reference gene (Schmittgen and Livak 2008) .
Statistical analysis
The data were statistically analysed by two-way ANOVA using the MIXED procedure of SAS software (SAS version 9.3, SAS Institute Inc., Cary, NC, USA). The effects of bird strains, tributyrin supplements, and their a Vitamin A (880 000 IU), vitamin D 3 (330 000 IU), vitamin E (4 000 IU), vitamin B 12 (1 200 μg), biotin (22 000 μg), menadione (330 mg), thiamine (400 mg), riboflavin (800 mg), pantothenic acid (1 500 mg), pyridoxine (330 mg), niacin (5 000 mg), folic acid (100 mg), choline (60 000 mg), iron (6 000 mg), copper (1 000 mg), manganese (7 000 mg), zinc (7 000 mg), and iodine (100 mg). interaction were examined. Pen was used as the experimental unit. Significant differences (P ≤ 0.05) among treatment means were identified by the TukeyKramer test.
Results
Differences between Ross 308 and 708 strains in growth performance in the absence of tributyrin Through the trial, there were no differences in average daily gain (ADG) and feed:gain observed between strain controls (P > 0.05; data not shown). Average weekly bird weights and feed conversion ratio (FCR) are presented in Table 3 . The average weights of sampling birds at week 3 were 0.898 ± 0.028 and 0.903 ± 0.019 kg for Ross 308 and 708 control birds, respectively. The average weights of sampling birds at week 5 were 2.400 ± 0.090 and 2.19 ± 0.035 kg for Ross 308 and 708 control birds, respectively. The weights of the small and large intestine relative to body weight were not different between strains at 3 or 5 wk of age (P > 0.05; data not shown). The postmortem abdominal fat and breast muscle weights relative to body weights are presented in Table 4 . At both 3 and 5 wk of age, Ross 708 control birds had significantly lower abdominal fat weights relative to body weight than Ross 308 control birds (P ≤ 0.05), representing a 26.2% and a 22.5% reduction, respectively. This significant reduction in Ross 708 birds was also seen in both low and high tributyrin groups compared with Ross 308 birds of the same treatment (P ≤ 0.05). Strain did not have a significant effect on relative breast muscle weight at 5 wk of age (P > 0.05).
Different responses of Ross 308 and 708 strains in growth performance in the presence of tributyrin
Within each strain, the only differences observed in ADG or feed:gain with the inclusion of tributyrin at high or low levels were at week 2. For Ross 708 birds, treatment with 2000 ppm (38.8 g d ) birds. The feed:gain for Ross 708 birds also differed, with 2000 ppm birds (1.389 kg kg −1 ) having an increased value (P ≤ 0.05) over 500 ppm (1.227 kg kg −1 )
birds. There were no significant differences in growth performance between Ross 308 birds. Average weekly bird weights and FCR are presented in Table 3 . The average weights of sampling Ross 308 birds were 0.898 ± 0.028, 0.898 ± 0.02, and 0.897 ± 0.01 kg in week 3, and 2.400 ± 0.090, 2.349 ± 0.068, and 2.350 ± 0.044 kg in week 5 for control, 500 and 2000 ppm birds, respectively. The average weights of sampling Ross 708 birds were 0.903 ± 0.019, 0.887 ± 0.015, and 0.890 ± 0.017 kg in week 3, and 2.186 ± 0.035, 2.271 ± 0.059, and 2.122 ± 0.056 kg in week 5 for control, 500 and 2000 ppm birds, respectively. In both Ross 308 and Ross 708 strains, there were no differences in large intestine weight, or small intestine weight at 3 or 5 wk of age with the addition of tributyrin (P > 0.05; data not shown). There was no difference in relative breast muscle weight among tributyrin treatment groups at 5 wk of age (P > 0.05; Table 4 ). However, at 5 wk of age, treatment with 500 or 2000 ppm of tributyrin caused a significant decrease in abdominal fat weight relative to body weight compared with controls in Ross 708 birds (P ≤ 0.05; Table 4 ). The decrease was 25.9% or 19.2% resulting from the low or high dose of tributyrin, respectively. There were no significant differences in abdominal fat weight observed at 3 wk of age across tributyrin treatments in Ross 308 birds (P > 0.05; Table 4 ); but at 5 wk of age, there was a trend for reduction in abdominal fat weight in both 500 and 2000 ppm tributyrin-treated birds (13.3% and 12.8% reduction, respectively) compared with controls (P ≤ 0.10).
Effect of strain and tributyrin levels on blood metabolites
Control Ross 308 and Ross 708 birds had significantly different blood glucose levels (21.111 vs. 13.582 mg dL −1 ) ; Fig. 1A) ; but there were no significant differences among treatments at 5 wk (P > 0.05).
There were no differences in blood triglyceride levels between strain controls at 3 or 5 wk of age (P > 0.05; data not shown), or between tributyrin treatment groups within strains at either time point (P > 0.05; data not shown).
At 3 Fig. 2C ). At 5 wk of age, there were no significant differences in cholesterol levels of Ross 708 birds (P > 0.05; Fig. 2D ).
Ross 308 and Ross 708 birds deposit fat in breast muscle differently
After 5 wk, there was a trend for Ross 708 control birds to have a higher percentage of fat in the breast muscle than Ross 308 control birds (0.0213 vs. 0.0172 g fat per gram of breast muscle; P = 0.075; Fig. 3) . In both the Ross 308 and Ross 708 birds, tributyrin inclusion at low and high levels resulted in a decreased percentage of fat in the breast muscle compared with their respective controls (Ross 308: 0.0172 vs. 0.0122 vs. 0.0115 g fat per gram of breast muscle; Ross 708: 0.0213 vs. 0.0160 vs. 0.0161 g fat per gram of breast muscle; P ≤ 0.05; Fig. 3 ). Comparing control birds, at 5 wk of age, the fatty acid composition of the breast muscle of Ross 708 birds had significantly high saturated and monounsaturated fats, and significantly low polyunsaturated fats compared with Ross 308 birds (P ≤ 0.05; Fig. 4) . There were no significant differences in fatty acid binding protein-1 or steroyl-CoA desaturase-1 expression in the liver at 3 or 5 wk of age both between strains, and with tributyrin supplementation (P > 0.05; data not shown). In the liver, ATP citrate lyase (ATPCL) expression was not significantly changed in Ross 308 control birds at 3 or 5 wk of age compared with Ross 708 control birds (P > 0.05; Figs. 5A , 5B). There were no differences in ATPCL expression levels in the liver of Ross 308 birds with the addition of tributyrin at 3 or 5 wk of age (P > 0.05; Figs. 5A , 5B). At 3 wk of age, tributyrin supplementation at both low and high doses caused a significant increase (P ≤ 0.05) in ATPCL expression in the liver of Ross 708 birds (1.779 vs. 5.144 vs. 9.384 relative expression; Fig. 5A ). However, at 5 wk of age, tributyrin supplementation significantly decreased (P ≤ 0.005) ATPCL expression in the liver of Ross 708 birds (1.111 vs. 0.440 vs. 0.340; Fig. 5B ). There were no significant differences in sterol regulatory binding protein 1 (SREBP-1) expression in the liver at 3 or 5 wk of age in each strain of control birds (P > 0.05; Figs. 6A, 6B). There were no significant differences in SREBP-1 expression in the liver of Ross 308 birds at 3 wk of age, but expression levels were significantly decreased in high tributyrin Ross 708 birds at this time compared with controls (0.880 vs. 0.283; P ≤ 0.05; Fig. 6A ). At 5 wk of age, SREBP-1 expression in the liver was significantly decreased in both Ross 708 and Ross 308 birds receiving high levels of tributyrin, and in Ross 308 birds receiving low tributyrin levels compared with control birds (Ross 708: 0.883 vs. 0.190, Ross 308: 0.318 vs. 0.138 vs. 0.105; P ≤ 0.05; Figs. 6A, 6B). In the control birds, Ross 308 had a significantly lower expression of peroxisome proliferator-activated receptor alpha (PPARα) in the liver than Ross 708 at both 3 and 5 wk of age (P ≤ 0.05; Figs. 7A, 7B). Although Ross 308 control birds had a similar level of PPARα expression in the liver at week 3 and week 5, the expression of PPARα in Ross 708 control birds was significantly higher at week 5 than week 3 (P ≤ 0.05). There were no significant differences in PPARα expression in the liver with the addition of tributyrin at week 3 for Ross 308 birds (P > 0.05; Fig. 7A ), but levels were increased with high tributyrin inclusion in Ross 708 birds compared with controls (0.032 vs. 0.203; P ≤ 0.05; Fig. 7A ). In Ross 308 birds, there was a significant increase in PPARα expression at 5 wk of Note: Means within a column of common strain not sharing a lowercase letter differ within strain (P ≤ 0.05). Means of the same treatment across strains marked with a * symbol differ significantly between strain (P ≤ 0.05). BW, body weight. 
Discussion
With many options available today for broiler chicken producers, the selected strain should be the one that best fits the environment, available dietary ingredients, and end goals of each producer. In this study, the performance of Ross 308 and 708 broiler chickens was compared when kept in identical conditions, and fed a corn-and soybean-meal-based diet. Furthermore, the effect of adding different levels of tributyrin to the basal diets on the performance of each strain was observed.
No changes in ADG or feed efficiency were observed through the trial, or overall, between Ross control strains, or with the addition of tributyrin to either strain. The growth patterns observed in this trial with control birds mirror the performance standards laid out by Aviagen.
Of interest is that Ross 708 birds of all treatments had significantly reduced abdominal fat weights compared with their Ross 308 counterparts at both sampling time points. This indicates that the shift in lipid deposition observed in Ross 708 birds begins within the first weeks of life and is maintained through to market weight. The abdominal fat of chickens is of particular interest because it accumulates faster than other fat tissues (Butterwith 1989) . It has been established that there is a link between abdominal fat pad size and total body fat content in avian species (Becker et al. 1979; Thomas et al. 1983) . In broiler chickens, the fat accumulation in the body depends on the available lipids in the blood, which originates either from the diet, or lipogenesis in the liver (Hermier 1997) . However, in the present study, there were no significant differences in free serum triglycerides with the addition of tributyrin, or between control birds of the different strains. This is inconsistent with the changes in abdominal fat deposition observed, indicating that another pathway is involved. The significant increase in serum HDL, LDL/VLDL, and total cholesterol in Ross 308 controls birds at 3 wk of age, and maintained increase at 5 wk of age could be contributing factors to the increased relative abdominal fat weights in Ross 308 control birds observed throughout the trial. A comparative study using lean and fat chicken lines showed that triglyceride accumulation in adipocytes depends mainly on the availability of plasma VLDL (Hermier et al. 1989) . Another study investigating the relationship between serum cholesterol and the abdominal fat pad in different chicken strains reported that a high abdominal fat pad weight was positively correlated with high levels of serum total cholesterol and LDL in Anka chickens (Musa et al. 2006 ). The results Fig. 4 . Composition of fat deposited in the breast muscle of Ross 308 and Ross 708 control birds at 5 wk of age. Quantification of saturated, monounsaturated, and polyunsaturated fatty acids deposited in the breast muscle of control birds at 5 wk of age. There were approximately 16% and 10% unidentified fatty acids and their derivatives in Ross 308 and Ross 708, respectively. Different letters indicate significant differences within strain (P ≤ 0.05). FAME, fatty acid methyl ester. of the current study are in agreement with both of these previous publications; the higher cholesterol levels observed in Ross 308 control birds could be a factor leading to the increased relative abdominal fat pad weight in these birds. In addition, Ross 708 control birds had significantly decreased blood glucose levels compared with Ross 308 control birds at 3 wk of age. The mechanistic reason behind this is not clear, but evidently these two strains metabolize glucose differently. It is possible that these higher blood glucose levels in Ross 308 birds contributed to the increased abdominal fat deposition observed in this study.
Ross 708 control birds tended to have increased fat deposition in the breast muscle compared with Ross 308 control birds, and this deposition differed significantly in composition. It has been proposed that fatty acids deposited in the muscle are more dependent on genetics (Hocquette et al. 2010) , while the composition of the abdominal fat pad is more dependent on the diet (Crespo and Esteve-Garcia 2001) . In addition, it has been shown that there is almost no genetic correlation between abdominal fat weight and intramuscular fat percentage (Zerehdaran et al. 2004 ).
The ATPCL is an enzyme found in many tissues which is involved in fatty acid biosynthesis (Chypre et al. 2012) . In the present study, ATPCL expression levels were not different among strain controls at either 3 or 5 wk of age indicating that this was not a pathway involved in the decreased abdominal fat deposition observed in Ross 708 control birds compared with Ross 308 controls. Alternatively, this supports previous reports showing the lack of genetic correlation between abdominal fat weight and intramuscular fat percentage, indicating a divergence of the lipid metabolism pathway (Zerehdaran et al. 2004 ). Sterol regulatory elementbinding protein-1c is a transcription factor that can regulate genes required for glucose metabolism and lipogenesis (Ferre and Foufelle 2010) . There were no significant differences between Ross 308 and Ross 708 control birds in SREBP-1c expression in the liver at 3 or 5 wk of age, again indicating that this is likely not a pathway responsible for the differences observed. The PPARα is a transcription factor and a major regulator of lipid metabolism in the liver, with activation leading to increased fatty acid uptake and storage, and decreased circulating triglycerides (Fruchart et al. 1999) . The PPARα expression levels were significantly increased in Ross 708 control birds at 5 wk of age. This is contrary to the decreased abdominal fat deposition observed in these birds but could have affected the increased fat deposition in the breast muscle.
There have been multiple recent studies assessing the use of butyrate glycerides in the diets of broiler chickens as a potential alternative to antibiotics, in addition to providing other benefits, such as improved growth performance and carcass quality (Leeson et al. 2005; Antongiovanni et al. 2007; Taherpour et al. 2009 ). We have previously observed the effect of a butyrate glyceride blend (mono-, di-, and tri-butyrin) on reducing body fat deposition via regulation of the fat metabolism network in the jejunum and liver (Yin et al. 2016) . The current study was focused specifically on the effects of tributyrin supplementation on the growth performance of different broiler strains.
No differences were recorded in ADG within the strains with the addition of tributyrin at low or high levels. These results, combined with the lack of differences in the relative large intestine, small intestine, and breast muscle weights, suggest that it is unlikely that this source of tributyrin has an impact on the growth performance of broiler chickens. This result agrees with a previous report using Cobb broilers (Li et al. 2015) .
As observed in our previous study with butyrate glycerides, tributyrin again had an impact on lipid metabolism (Yin et al. 2016) . In Ross 708 birds, tributyrin inclusion at both the high and low level resulted in decreased relative abdominal fat weight at 5 wk of age compared with controls. This difference was not significant in Ross 308 birds at 3 wk of age, but at 5 wk of age there was a trend for relative abdominal fat weight to be lower in high and low tributyrin birds. In addition, the inclusion of tributyrin in both strains, at both levels, resulted in a decreased percent fat deposition in the breast muscle compared with controls. These results indicate a difference in how the strains respond to tributyrin in regards to lipid metabolism, with a faster and stronger response to changes in deposition observed in Ross 708 birds. Tributyrin inclusion affected blood glucose levels, but not triglycerides. Low tributyrin inclusion caused an increase in blood glucose in Ross 308 birds at both 3 and 5 wk of age. In Ross 708 birds, blood glucose levels were only increased in high tributyrin birds at 3 wk of age. This difference between strains represents another way in which their response to tributyrin diverges. The fact that high tributyrin levels in Ross 308 birds did not affect blood glucose, suggests a dose response, or an effect that was overpowered by a secondary pathway when more tributyrin was introduced. Evidently, this dose response threshold in Ross 708 birds is higher. Tributyrin has been shown to prevent hyperglycemia in high-fat-fed mice, and this prevention was linked to an improvement in insulin-stimulated glucose uptake (Vinolo et al. 2012) . The effect of tributyrin on insulin response in broiler chickens may prove to be an interesting area for future studies.
Serum cholesterol levels were generally lowered by the inclusion of tributyrin in the diets. At 5 wk of age, high levels of tributyrin reduced the total cholesterol and LDL/VLDL significantly in Ross 308 birds. This result is supported by a previous study that showed a decrease in total cholesterol and LDL with the supplementation of butyrate glycerides to broiler chickens (Taherpour et al. 2009 ).
The consistent decrease in SREBP-1 expression for both strains of bird in the liver at 5 wk of age compared with the respective controls suggests that this may be one of the key pathways affected by tributyrin. These changes likely had an influence on the plasma cholesterol levels, as well as the fat deposition in the muscle, in agreement with what has been reported in previous studies (Eberle et al. 2004; Zhao et al. 2009 ). The inconsistent responses of both ATPCL and PPARα between Ross 308 and Ross 708 birds demonstrate how differently strains can respond to the same treatment. These differences should be considered when selecting a strain, and could be looked into further for optimizing feed strategies involving the supplementation of tributyrin.
Dietary supplement of tributyrin altered the carcass composition of broilers, although the effect could vary towards different broiler strains. The overall growth performance of Ross 308 and 708 strains was shown to be similar; however, the strains demonstrated a number of metabolic differences, particularly different patterns in metabolizing lipids including the differences in response to tributyrin supplementation. These metabolic differences may represent distinct values to each producer for their particular systems and end goals.
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